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(54) MOS RELD EFFECT TRANSISTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve electron and hole 
mobilities in a channel party by employing a distorted 
Si/SiGe structure (or distorted Si/SiGeC structure), to 
keep the crystailinity of such a heterostructure in a proper 
condition, to prevent shortening of an effective channel 
length and diffusion of a Ge, and to reduce the resistance of 
the source layer and chain layer. 

SOLUTION: An MOS field effect transistor is constructed, 
in such a manner that a channel region has a laminated 
structure formed in the order of an Si layer (2) and an SiGe 
or an SiGe layer (3). a source layer (4) and a drain layer (5), 
which is formed of an SiGe or SiGeC containing high 
concentration impurity atoms which are formed by low- 
temperature chemical vapor deposition method and provides 
a desired conductive shape, contract with both ends of the 
channel region; and the surfaces of the source and drain 
layers formed of the SiGe or the SiGeC are shaped so as to 
be raised upward from the bottom position of a gate 
electrode (6). 
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mii^-^:^-/i^mtfmmi)^^mizs imnxx>\ s i g 

i: i>" K 1/ y/i;^?^^ s i mm(^ ±mzmf& ^tiXi-^^zt 

ML. m^i^^:^-ji^mm<7^mTizs immcoi^mmtm 
-<^immT-tm^ s i o i:^m^iz^tsmm 
^^i-^zti:nmt'ri>tmm2i,ztm(^Mosmm 

s i J: 0 i>S«iS«::*O^Si{i/M^ii K- 

smMm^^h yy 'J . 

' c\^XT<7ym^i\L^%mi^^m\zx^mm.^nfzmx'h 
hzt ^nmti-^tmm i - 5 ^-rix^^^ i miz%m 
COM o sMm*?a;S h ^ V v'X^ , 

[000 1] 

[wn<^m'r^iiw-^m i *^afliiM o s f eti^z^^ 
izmmL^h^mi^^mcommizm^6i>coThKf^ x 

DPL<{i. f-v^>;l/®:^{3S i^XS i Ge/i (^/c 
(is iil/S i GeCil) :^>^5r-l)S/i^i^5rl5itTn 
M O S F E T*5 J: l/f/^ P M O S F E T ^ffM-r -S> 

^mi^mmizm^h t<7)v$>i>. 

[0002] 

[fi!*Oga:r] MOSFETcO^^-fbcT^f^*^, MS i/ 
S i Ge|iat{Cj:-l)^S i (T^m'f'fm^t^ETimm^^ 
\^±^^ (Mti^. Seinicond.Sci.Technol.Vol.l3,pp.l 
225-1246.1998 C K Maiti et al "Strained-Si heter 
ostructure field effect transistors) $:fl|fl3L^ S 

i mm±iz^-^--^^;\^mmt ltms i / s i oemm^ 

ffML/::n]VIOSFET (mtlt\ 1994 lEDM Tech.Di 



g.. pp. 373-376) ^pMOSFET mtl^i. 1995 lEDM 
Tech. Dig., pp. 517-520) ) <7)«l^*>5:^nT . m 

Si/SiGe (ttzliS iGeC) m^^iiS i tS i 

Ge (^TtitiSiGeC) <;ofg^ S 

[0003] (]?iJ;c«f05(-^'f-J:^iC. nMOSFET 

m.3 5±izmmij^hmiz^ ms 1/132. mms i Ge 

S3 3. :hXV^S i Geffi^>'s:^y:7T®34;&>'ieS$ix 
/::IS3t:^^a]/^nTt^^. ^/::ia6 {c^t" i ^ (c. pMO 
SFET4 icom^l^Zii^ S imm4 6±l.Z^-r:^^)Um 

m^wm-r^fzi^iz. mmib^i^m^z^ msim4 2^m 

S i Ge;i4 3. M^S i G 6/14 4 J:t^'S i GefS 

$P<-yyTm4 5i)^Km^ixrzmmtim^tix\e^i> . ^ 
7/4 7. vu-^ymmss, 4 8. y-hMitms 

[0004 ] 

«if{Ci3{t^MOSFETm^3 1 . 4l<r)V-xmm3 

7, 4 7i3j:l^"Hl/-r >'^ii3 8. 4 8<7)?fM{zii, ii 

fmcoT^mco-^ ^y^^xt ^tii,zm< mmjLm 
t^m\e^^nx^^^. ;i(^j:o^m9mi,z:h\^^x^mx^ 

tifzj^'T-<^mum^B{^Tcofm^'^miz't^fz^m^^^<^ 

CT2- 5^mtZtllzm<S5 0'' CT(r)10^^ 
IEEE Electron Device Letters, vol . 15, no. 

3 PP.100-102#He) commmT^htih. 

[0005] Z(DX 0 ^^'iSi^m<r>tiisbiZ^ S i G e 
;i3 3, 4 3^7)GeJ:b^;0>O. 3 a^^MmmiZ^^ ^ t 
8 1/13 2, 42^C0Ge(7)W:m^m(>f^tl^. Si/ 
SiGe (ttziiSiXSiGeC) ^m(r>Mtl^m 

# . ^"Mco^r-x^mmi^mi^z < < 1 1 ^ a 

[00 06] ^j^v!. Sagft«aJl*cJ:0. y->^*3j:t/K 

iz-r ym^conm^fzitpm^nmrnf-t^^^ ^-^i^m 

[0 0 07] tti^ ®mmy- hM(^MOSFETm'=F 
lZ'Mm-t6m'^lZl±. MOSFETc7)Mf^^^.;P^ajS§: 

&mm o^yi-x^i'-xh y^^mm) i:v-xt 

ymzmif^ztijmmx-'hh. y^y^xju-x h -^^^ 
vmimtii^-v^-^-ji^mmnmmz'^ ^y&xt ^(^m 
<7:^mm\zx->xm^-th. za-yxo^^m-^^z^^ 
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mmizX S i G e 1 3 3 . 4 3t^hCOGe coi&^iy^ 

[0 0 08] ^(^c>iz^ -mzv-:^ioj:r/vu>( ymcT) 
ma. m^committ^izmKK^hWMzho. mm, 

m<^fzi!bcomucoTM^mv-rs im^&M:^-^z. 
[0009] Lrzi)-->x. ^wm. imtmmcom 

^<rimm}^.\zm^X^j:^tlfzi:,coX\ i /S i Oe 
i^lz. ^-'^^h^'rammcoU^Bii^B:n^j:^mi.z&:-h. 

[00 10] 

^.^nmL. mmm. mmmiicoi^s i ^mm^hfz 
Mz. ^^mizm^Mosmmn^^hyyzyx^i±. 

^^^-Jl4Mi^ti^y—hTM:^^^mi,ZS i JM^^^U'S i G 

e (tfzitis itsxr/s iGec) mcommmmtL. 
zco^-^:^-;i-mmcommmizii5 50^ cOTo^m 

^mffl«:Rffi«cJ: K>]Bf&^ix^mtiIl 02 o cm- 3 
a±<^^m^H^i:^t^S i G e (tfzltiSiG^ 
C) t^i^^j:hV-X^^Z/VU-i ym^BfiZL. So. 
■1<7)S i Ge (^TtiiiS i GeC) X/KU-T y/f 
c7)±®(i:y- hmffiJSa^fjlgi: K)±.yTl,Z'\ti')±lf i:ytirz 

wm^-^-thidizmf^-t^hcoxh^. ^^iz^ 
mizxhMosmmrfm^hyyi^x^ii^ m^^^^-^u 

it/siGec) ^-^^^^jv^mmcomrcos im^p^tfz 
iis i mm±iz. s i smc^immtm-commmTM 

[00 11] in-^^. y-^mffiJ^^■^^)K^:r^ 

mi)-^miZS imhJ:U\ S i Ge^^^^S i GeCil 

f&^mizx ^mm.$tifzpmcommjBi^x.^mmm^ 

M'^m^^^tsS i GetfzitS i GeCC0\.^^M>^^ 

X'h h . 

[00 12] cic^^'V^/u^iiS^^iLNy-xii 



:^ T-^b 0 . ^ f - -V A^)Vmm J: l^miie V - x S J; l/^* 

Yv^ym ti^'^mm<r}iM\zm]^ ^ ixr i ^ ^ i ^t^) ^ s 

01 (Silicon On Insulator)^ 
<7)M O SSS-^am h ^ y f^::^ ^ X'h h , 

[00 13] y-xai3i:t/*Fi^-r yscojsgp 

^^^^/U-ffiJScofiTicS i^;K<:7)fE^i:|SI-<7)g 
^^^M*^^ S i J; 0 ^]g«JS{c#Offifeg^^t- 

ss^c^ti'^^iiiE^a K-b'y>?^'®T*i> MO s^m 

"^^^Yyyi^X^Xhh. t.fz. V-:^m^^lfY\y 

^ tifzmvh ^Mo smmmim v^y 1^7.9 ts> 
[0014] *^BB(iy-xioj:t^Ku^ ym^miz^ 

m\Z^%M^^\z^ D ffM-r >l>7^cy>. G e ^:^*iEftcOt£ 
i5(>^WJ$ix. SiXSiGe (^T^^tiS i/s i Ge 
C) ^xoffi3tc7)SfeMt::6WJ$ti. ^^{::y-xi: 
'<>'rB^^^$§;!?>Bil:$ill>. y-XioJrr/'Klx-f 

i:t;^'Fl--f >^ecOJg^^(cy-Xi5j;t^Kl/-r>'S^ffi 

wm.'Y\zmL\tw^m Y-\zy^\zii ^-mmwrnmrn. 
mkimh:ih.\z^y) ^ v-:Kiai.xSY\^^yWi<nf^y 

[0015] 

':^m^<n%mcmm^\^XY\zwm 
^mmx^xm^-th. \)XY<^mm±-^wmmth-m. 

m'^t^^ijcoxhh. Ltzt^-^x. ^wn'k^icomm 
mmcomi^ x x/mHmm^z^\¥m\z%tm^tifzmm.<7y 

[ 0 0 1 6 ] n 1 \zi^^mcom 1 (^mmmm^^^-t. 
simuiAL^z^^^-fvw.mmfSi^ii. ^cof^^-^^yu 
mm^'y^j:<ti:>sim2i6xus i Ge® {^fz\ts 

osFRT^mm-hf^^itpmxh^. pmosfe 

[0017] S xm2^XlfS i Ge/i {t,rz\±S i G 

ec;i) 3{mtf,miR%n^^m\zx^m^^fih. 
*jm\zm\:.x^<r)\m^u:r.}f9^i^m. mmmm^m 

^^h^lth'^mVhh. S i Ge/l (^T^^JiS i GeC 
M) 3COm^\tl0nmVXfX'hh. t.tzS \ GBm\± 
mtli^M^S iGemtS iGemM^^yyrmtf^^^ 

h^mm'^t'thzhijX'^h. sim2cow^\±^i. 
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(is i Gec/i) smiiiiT^m^^mzmmL^^^^T 
yv^-y'mtLzmm-^zt:^<T^h. l^^l. mo 

[00 1 8] ^^0f-^;t>;l^JSc0M®3{iS i Ge 
fzltS i GeC) :^>^>^-&y-x;i4;fc<J:t/*HL^^ >il 

^iDj:>eio2o cm- 3 \;j.±<ommm(^nmttii±p 

[00 1 9] ^C7)S i Ge {t.tzk±S i GeC) idj:^ 
[00 20] S i^2c7)^M(C(iffl^<7)MOSFET<h 

mm^h L.xmm~th s i m ^h^^-th^m^^. m.n(^ 
M o s F E TjLmz J; D s i ® 2 <7^mm z t 

m<^xmi>zxom^^ti^. 'y-hmMe<^mmzi±m 
mm7i)m&^tix^^. z<^imm7 ^irtxv-:^ 
B4:B^x/}^U'^ ym5:/)mf&'^tix\^'^^. zcomm<^ 
mmiz:^\^^xi±y-hmmtt lt^i^u v-u^y^s i 

Ge. S i GeCS:fl3(,^TV^-g>:!i?^ y-f^aH/i^hm 

:^;l—7ts-;U2 9 iritLX^ti^tiW&SOi^^tti^ti 

[ 0 0 2 1 ] 02 1 <nmm<r:>imcr>^:J.m:'^^ 
-To m^^^i^')riymi\^m^\^^ ^(ry^m\z\mis 

i Ge/i (^;^C(i:S i GeC^) 3, Si^2. SiO 
i^i:Xfy-VW^bht^:hit^^)l^^)uym'km 

^^h. S i 0^m\±^-^')Tij>^}i LTH2 . A r. 
^fdi. N2 ;*";^2rffll\ ^IJjtii'S i H4 ii^it^^GeH 
4 ^7)«^»«cJ:^mffl««icJ: ^m^^l. S i Ge C/i 
Oif-^ii^^fcs i H3 CH3 ^Ja^7t:mffi«:S(-J:0 
m^-fh. S i O2 ii8{i:ji^c7)iviOS FETi:[5l:^, 
M>C(f S iS2c7)|g®^,^KYbLTffM-r'g>C:^;^>T^ 



'i^'Ui/Unv-iKiS iH4 ;^^-X^^HWci«JEC VD 

ni:TWhfz^\zmmcr>^mi^yu-^x\zx ^^^mt. 

fz{±\&Wik\zmM^<r>vm. Uv. &^xiyKct'conmt 
fzl± p m^Wf^ti^ F ^ixi) . ^^{c u y ^ :7 ^ -a 

[0022] mz^ ^m^t^n\^^y-hmm6co±mi6 
xx/mmizs i 02 mi:mf&^h. zcoxuts 1^2 

m^xiis im2co±mcos i 02 Ji<7)ii$Yj:o^ii 

Km^^^ti^ ([32 ( d) #BS) , 
[002 3] mz^ mti^S iH4 hNHsMffiRiC^i: 
X^i^Va y±^ h ^ >r 9 ^S^^ffl^O^S^cffM 

[0 0 24] mz^ mUf^^t^^hECK (electron c 
yclotron resonance) :7°^XVX »y ^y^^^J-ff V^, Si 
S2c7)S i^®^||ffi$-li:>S.<. ECRT5XVX ^yf-y 
^"«i^:tr 1^ OX «y ^ y V ^M:^ttx ^ ^ y ^-^t) 

tfz. y-hm®6<50±McOS i O2 MiiS iil 
2C0±m(^S i O2 )K{Ci:t^ilV^<7)T'y-h«;^_hci^ 

[002 5] mz^ (yiJ;t{i'K^^x>y^y^-^c7)ai^co 

j:, y^yy^m\zx 0 . ±isx^risa^ L7^cgp^^c7)s i 

il2i3j:{/'S i Ge/i (^/::{iS i GeC®) 3S:X'y 

f-y^'L. y-hfS^gi5^^co^^st-. cioxv^y^- 
mmzx^v-x^XifY^u^ yWM<r)S imummA 

[0 0 26] mzm^^^flfz^mA O^ZS i GeS (^ 

fi'vmicOS i Gem {^fzl±S i GeC®) ^<7^^m^ 

Wm.^\t^^')riiXh\^XW'2 . Ar. ±fz 
N2;^'*x^ffli\ mutS\W^^Xl^Ge\\ 
4 (^?t:{i<^Ji.^'S i H4 . Ge H4 iDcfct/S i H3 C 

H3 ) cr^^m\zx K>n^hti^. s i 02 )i±^^co^ 

Firli^S i GetfzltS i G e Cc7)t^ai^KiJ:-r-l>J^^ 
Sm^zXO^^rUT:^XtpizHC \ )^:^imMi'^ 

[00 27] y-hmffi6. v-xmA^sxr/v 

l/^ yB5 ^'&O^^^®^»:(c®t:0^:S-&Ti^J>t{i'S 

i K^bJf^?!. s i m^mm^-^w^-/ 3 yM2 o 

mm^ti^. ^^iz^ F;f^(:oxy^-;^-;^2 9^/^L 
T ^tl^nmm 3 0 7!?%M$nM O S F E Tm^f^^WfR 

[ 0 0 2 8 ] II 3 iz^^B^com 2 (ommcomm$:^-t. 
m 1 2comm<ommco s i mmi,zittx i ^iiiM i s± 
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c^mms imi 9±tcf-^;twu^«4i 2.1 s^^m^^ 

tl. Z (^"t^^-^umMii^mt^^ S i S 1 2 . S i G e 

0 • c WF<r>ms,'it^%mf&^mizx 0 mi&^ti^ pm 
ttzi^Nm^^mmmT^m^^'^tss i Gem {t.fziis 

1 Geca) i)>^^^v-::^mi4mv^]^U'^ ymi 

5^mLX\^^i>^ ClcOSiGem (tfzltS iGgC 

c 0 0 2 9 ] mmrn 1 8±(c?i^s i m 1 9tw^^ti 

tzmj^ii. — iKiCSOI (SiliconOn Insulator) tm 

mm. s i mmizmm^ 1 0 1 e c m- 2 mmco-mm 
mx-( :tyaAL 1 3 0 0^ ca±</)mi^Mmizj: 0 

B&'t^S I MOX (Separation by IMplanted OXge 

n) ^XWN^ 2f^C0S im^c/}'J^-^<tij-yjl.zMit 

mimf&L. mim^irLX2fX(^s imm^mmLfz 

h^timizi: h '^:^-f\mif^m^^Xhh . t-^t^h"^ 

F E T s-]fFM \.fzwmm\zmm Ltdm^xz^ \rh # f 

[ 0 0 3 0 ] 04 \ziifmmm3<7ymM<niBmkff^^ . 
muz^i.tz%\<r>mk(mmhm:ti:hmt. si®2 

2ioJ:tXS i Ge® (^7^c{i:S i GeC/i) 23t^ih>t^ 

m=^mY-\:^Vifmzi.-yXm^^iXfz^ SiS«2 1 
^i: PI-(7)f5#M^|i6^^^ S i 2 1 i^i: 0 ^ 

isagic'&tf^i^ 2 8 . fiij-^ . Wrtm Y-'cy^'m 2 s 

®2 8(i. S i^«2 j^J;c(fUy. 7^^*^ 

(m^ym^f-mh . n^^s '\mh^^w,zy{^%^hz. 
ic i 0 . 1021 c m- 3 \^xi.<nwmwkmMw^h 

[00 3 1 ] Z<r>fz^^ S i Ge® ^t.fz\tS i GeC 
/i) (::J:^y-X®2 4i3j:tXKl/>f y®2 5cojgg|55 
1, 5 2cOfiS{i. Si/SiGe (^^^ciiSiGe 

\mthz}i\ztch. 

[0032] %3<nmm<^mm<m:&iLm±. 112 

^.«Sii:ia2 (b) i-*3{t>g.S i GeS {±fz\tS i Ge 
Cii) 3c:0?e«B?ic:±iaM^iiH-eVi^-ii2 8*>J:t>* 

[00 3 3] iIT;iK-try^'Vi2 8:BJ:t/^'S i/i54 
S:ffML/::f^. -e^±{c«g»:. SiGe« (i/::(iSi 
GeCJi) 2 3i5j:t;^'S iii2 2^ffM-r^o -^cof^. 



m2com^t mm^zy- hmitm2 7 ^ it/y- hmt^ 

26^mm'h. ^(^m. y-X^2 4iDi:lXHl.'Yy 
ii2 5^^JKmffll!)c;:^-ri>3^v:*^(;:. V-Xi^ J:l/ KU-f 
V^acCO^ffiiC^fiK^iX^^cS iii22^3cfcl/S i Ge/f 

(tfzitS iGeCm) 23. -?-Lr S i;i5 4iDj:t/ 
J®^/iH-t'y:^;i28^^*'^^^<h(Ci:oT. 
mz^ Sim22nXX/SiGem (tfzi±SiGeC 
m) 2 3:/)>^^^i--r :^^;umm(OmTlZ^ J[^^JiK-tr 

y^izj:tm^(7y7pmmm'f'i:^t^m 2 s s:is(t€» t> 
[0 0 34] ±nm^mY-\z'y:^^miztttx . 

y-hmmrmzm^s.-t^mi^t't^zth-^mxh 
[0035] iMim 1 '--m3(7ymmcr>mmiz^^'^xi,t. 

a^oiiEMo s F ET^mm-t i 3 {c-r ^ ^ <h 
n 0 ^ P m\z-o\^ X mmizmxt hXoizLx. ^ 

—CO^ 'y:rrt(^riMOSFETi^J:l/ pMOSFETS: 

[ 0 0 3 6 ] tJl±. *^sfl(cf^-S o^i^^^MicT^m^ 
{zo\.^TIl^L. ^/:!ittB^L/;r;^?i\ <I^(clfii6S'ix;^c:4s: 

[0037] ^ri5. ^^mt. iimmmmizm^ 
^ix^hcr>x{±^j:<. mmfmx^^±^o:>m'^^mm.LKc 
^^^mxM^xz^m-hzti^^mxhh. w^z^ jiie 
mmcr>jm\^z\,±m^<7y^^<r)wni)^^t.fix^^ . m^^ 
^ti^mwi(r>m^mmzi5\fhm'M/j:%^^t>^t\zx d« 
^(T^WRtm&^ixnh . mufmtmmmiiZ^-^rih 
^mfsmm^^m-:>t-<rymfmmmm^fix\^x t . 
mMmd^Lx o t^6mmcomx'^^fzmm<^'>^^j:< 
t h 1 -:>fimmx^ . ^m(^^^^<^mv^^^^tix\^^^ 

[0038] 

mi:hi:x/m2iz9fk^mi(Dmmmm. ^^xx/msiz 
^^m2commmmi,z7jk^i: oiz^ s i xs i g e 

(tfziiS i Ge C) f-'r^>/U^S*SffMftfCJFM$fL^ 

m^^mXBf^Zflhfz^. S i Ge« (^i/'c^S i G 
e C if ) ^cO^;rMc^JTI« ^Sg^OjSSc 5^ WJ ^ ix l> o G e 
cOiLmnmi^zXKlS iXS iGe (tfzliS iGeC) 
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